Purpose -This paper seeks to investigate the impact of intellectual capital elements on business performance, as well as the relationship among intellectual capital elements from a cause-effect perspective. Design/methodology/approach -The partial least squares approach is used to examine the information technology (IT) industry in Taiwan. Findings -Results show that intellectual capital elements directly affect business performance, with the exception of human capital. Human capital indirectly affects performance through the other three elements: innovation capital, process capital, and customer capital. There also exists a cause-effect relationship among four elements of intellectual capital. Human capital affects innovation capital and process capital. Innovation capital affects process capital, which in turn influences customer capital. Finally, customer capital contributes to performance. The cause-effect relationship between leading elements and lagged elements provides implications for the management of firms in the IT industry.
Introduction
The information technology (IT) industry in Taiwan has gained a reputation of rapid growth and global competitive capabilities. The literature contends that a firm's competitive power and performance are largely influenced by its intellectual capital. Many researchers recognize that intellectual capital, which contains non-financial measures and other related information, is the value driver of an enterprise (Amir and Lev, 1996; Edvinsson and Malone, 1997; Ittner et al., 1997; Stewart, 1997; Bontis, 1999 Bontis, , 2001 . They claim that intellectual capital assists enterprises in promoting competitive advantage and value. Therefore, intellectual capital can be viewed as the most valuable asset and the most powerful competitive weapon in business. This is especially so in the IT industry, as its intangible assets are much more important than tangible assets.
The theoretical impact of intellectual capital on firm performance has never been over emphasized in the literature. However, there is far from enough empirical research investigating this issue. In particular, studies examining this issue in Taiwan's IT industry are rare, even though Taiwan is one of the IT kingdoms of the world. Moreover, most of the research focuses on the impact of individual intellectual capital on performance without looking into an integrated framework that describes the relationship among individual intellectual capital elements. However, as the cause-effect relations among perspectives is emphasized, rather than merely looking into the relationship between measurable proxies of perspectives, in the Balanced Scorecard system Norton, 1996, 2001) , the relationship among intellectual capital elements should also be of interest to our research.
Many factors, such as corporate strategy and industrial characteristics, may affect a firm's value drivers. Thus, it would be appropriate to put emphasis on the interrelationship between intellectual capital elements from a more macroscopic perspective, rather than paying attention only to certain measures of intellectual capital and performance when we examine the effect of intellectual capital on performance. If the cause-and-effect relationship among elements could be understood, the improvement of business performance may be facilitated through the appropriate management of leading elements of intellectual capital in advance and input more resources in leading elements. Furthermore, for interested outside parties such as investors and creditors, understanding the items that affect business performance and bringing the related information into consideration is helpful for evaluating the company's true value and developmental potential. Although some researchers point out that there exists a relationship among elements of intellectual capital, there is a lack of empirical studies on this issue. Following this line of argument, we attempt to form an integrated framework on which we investigate the relationship among intellectual capital elements and the impact of these elements on firms' performance.
Hypothesis development
A consensus on the classification of intellectual capital elements has not yet been reached in the literature, but there emerges a converged view that intellectual capital is composed of three forms of intellectual capital -human capital, customer capital (or relation capital), and structure capital which can be divided into innovation capital and process capital (Edvinsson and Malone, 1997; Bontis et al., 1999; Buren, 1999; Joia, 2000; Bontis, 2002; Choo and Bontis, 2002) .
Our study follows this view and classifies intellectual capital into four elementshuman capital, customer capital, innovation capital, and process capital. Each element could directly influence performance, as Figure 1 shows. Moreover, there may exist a cause-effect relationship among human capital and other elements of intellectual capital (Bontis and Fitz-enz, 2002) . That is, human capital, the most fundamental intellectual capital element, may affect other the three elements first, and then these three elements, in turn, affect performance, as indicated in Figure 2 . Besides, as shown in Figure 3 , there may also exist a cause-and-effect relationship among innovation capital, process capital and customer capital. These elements of intellectual capital ultimately affect performance indirectly through their interrelationship. Based on the cause-effect framework, this study forms the hypotheses as follows.
Direct influence of intellectual capital elements on performance Many researchers find that there is a significant and positive correlation between research and development (R&D) expenditures and business performance as well as Intellectual capital and performance market value (Cockburn and Griliches, 1988; Hall, 1993; Chauvin and Hirschey, 1993) . Sougiannis (1994) shows that when the company has a $1 increase in R&D expenditure, it has a $2 increase in earnings and $5 increase in market value over the next seven years. According to Lev and Sougiannis (1996) , $2.328 operating income will be brought in the future if a company increases $1 R&D expenditure. Deeds (2001) finds that R&D intensity, the late period technology development capability, and technology absorption capability have a positive correlation with market value added. From the above studies, it could be inferred that companies' R&D expenditure not only influences current performance and market value, but also future performance. Cañibano et al. (2000) review a few of the research projects conducted relating to the value relevance of intellectual capital items which include R&D expenditure, advertisement expenses, patents, brand name, customer satisfaction, and human resources. It implies that there are intellectual capital items other than R&D expenditure that could affect performance. Besides, many researchers emphasize that Conceptual framework of the interrelationship between intellectual capital elements and their impacts on performance human capital and customer capital play a very important role in business performance or even in businesses survival (Pfeffer, 1994; Uzzi, 1996) . According to Lee and Witteloostuijn (1998) , companies that have existed longer, have accumulated more abundant experience, use more highly-educated employees, or have higher connective intensity with potential customers go bankrupt much more rarely. Although some studies address the relationship between customer satisfaction and financial performance, only very few studies actually provide empirical results. However, their conclusions are inconsistent. Some researchers find a significantly positive relationship between customer satisfaction and financial performance (Ittner and Larcker, 1998a; Banker et al., 2000) , but others do not (Ittner and Larcker, 1998b; Arthur Andersen & Co., 1994; Anderson et al., 1994) . We regard customer satisfaction as merely an indicator of customer capital elements while investigating the relationship between customer capital and performance from a more integrated perspective. Based on the cause-effect relation between customer perspectives and financial perspectives in the Balanced Scorecard framework, we infer that customer capital would have a positive impact on performance.
In the era of the knowledge-based economy, the key factor that drives and creates a firm's value is intellectual capital. Consequently, we infer that the creation and accumulation of intellectual capital should be reflected in a firm's performance. Whichever an indicator belongs to human capital, customer capital, innovation capital, or process capital, there is research supporting its relation with performance. However, most of the prior research focuses on the relation between an individual indicator of some intellectual capital element and performance, neglecting that between elements of intellectual capital and performance. In our first hypothesis, the primary focus is the influence of each intellectual capital element, measured by several indicators, on performance. As shown in Figure 1 , H1 and its four sub-hypotheses are developed as follows:
H1. Each intellectual capital element directly and positively affects performance.
H1a. Human capital directly and positively affects performance.
H1b. Innovation capital directly and positively affects performance.
H1c. Process capital directly and positively affects performance.
H1d. Customer capital directly and positively affects performance.
Indirect influence of intellectual capital elements on performance
Although elements of intellectual capital have a direct impact on performance, a company's performance cannot rely solely on any single element. There is such a close linkage between elements that a certain element may be improved or expanded through improvement on other elements. Consequently, if a company wants to create value, adequate combination of all elements is necessary (Edvinsson and Malone, 1997; van der Meer-Kooistra and Zijlstra, 2001; Hussi and Ahonen, 2002; Bukh, 2003) . Edvinsson and Malone (1997) emphasize the importance of interaction between intellectual capital elements, and point out that firm value is created through the combination of each element. The Balanced Scorecard system indicates that there exist linkages among the financial perspective, customer perspective, internal process perspective, and learning Intellectual capital and performance and growth perspective, as well as cause-effect relations among these four perspectives. Except for the financial perspective, three of these four perspectives almost belong to intellectual capital categories; they correspond to intellectual capital elements. Based on the Balanced Scorecard concept, we could infer that relationships exist among our four elements of intellectual capital, and that business performance would be influenced by these elements in a cause-effect relationship.
Indirect impact of human capital on performance
In this section we describe how human capital affects business performance through other elements of intellectual capital including innovation capital, process capital, and customer capital.
Among the elements of intellectual capital, human capital is the most fundamental. van der Meer-Kooistra and Zijlstra (2001) point out that human knowledge and experience is the main element, which is the base of other elements and which will impact a company's value through affecting other elements. Employees' knowledge and capabilities are the source of innovation. In order to accumulate innovation capital, besides relying on the firm's encouragement and active input, raising employees' capabilities is also an important impact factor. Consequently, it would be appropriate to infer that human capital is closely linked to innovation capital. Employees must be relied on to carry out the internal processes of a company, while employees also perform all customer services. Because employees provide the quality of service while implementing internal processes, the capability of employees would affect process efficiency, quality, and customer satisfaction. According to the cause-effect relationship between the learning and growth perspective and internal process perspective, a similar result, stating that human capital possibly affects process capital, could be obtained. Stewart (1997) emphasizes the relationship between employee capabilities and customers. It indicates that employees should possess suitable knowledge or skills to serve customer needs, which must also be the emphasis of the company. Therefore, in the model of the relationship between intellectual capital and performance, accumulating human capital would be helpful to improve the other forms of intellectual capital. As shown in Figure 2 , we build the hypotheses as follows:
H2. Human capital directly and positively affects the other three intellectual capital elements, which, in turn, affect performance.
H2a. Human capital positively affects innovation capital.
H2b. Human capital positively affects process capital.
H2c. Human capital positively affects customer capital.
H2d. Innovation capital positively affects performance.
H2e. Process capital positively affects performance.
H2f. Customer capital positively affects performance.
Interrelationship of intellectual capital elements and their impacts on performance Fornell et al. (1996) propose the American Customer Satisfaction Index and contend that customer expectations, perceived quality, and perceived value could influence JIC 6,2 customer satisfaction. Since customer expectations and perceived value are not controllable, a firm's primary task to enhance customer satisfaction is to increase perceived quality. Zeithaml et al. (1988) and Zeithaml and Bitner (1996) also point out that the quality perceived by customers is the key factor of customer satisfaction. The higher the perceived quality, the more they are satisfied. Through its internal process a company provides service quality to its customers. The improvement in process capital leads to customer satisfaction and enhancement of customer relations. Therefore, process capital is somewhat of a leading intellectual capital element, which affects customer capital element, while the customer capital element in turn influences financial performance. The implementation of process capital relies on employees, which belong to human capital element. The quality of employees determines the internal process quality and service quality. The Balanced Scorecard system emphasizes the cause-effect relation of those four perspectives in the model in which learning and growth perspective, internal process perspective, customer perspective, and financial perspective are interrelated. Correspondingly, in our model human capital affects process capital, which in turn influences customer capital, and then financial performance. However, innovation capital could not be mapped into the Balanced Scorecard concept. Customers may cherish a firm's excellent innovative capabilities. In such a circumstance, innovation capital affects customer capital. On the one hand, innovative ideas may be turned into products and services through the transformation of the internal process. The enhancement of innovation capabilities helps to increase the quality of the internal process. We therefore infer that innovation capital may affect process capital. As shown in Figure 3 , we propose the following hypotheses:
H3. Human capital directly and positively affects innovation capital and process capital, and process capital affects customer capital, which then affects performance.
H3a. Human capital positively affects innovation capital.
H3b. Human capital positively affects process capital.
H3c. Innovation capital positively affects process capital.
H3d. Innovation capital positively affects customer capital.
H3e. Process capital positively affects customer capital.
H3f. Customer capital positively affects performance.
Research design
In literature, studies on the relationship between intellectual capital and business performance usually use regression analysis or the principal component method. These methods deal with only one dependent variable or component and cannot examine the cause-effect relation between them. In regression analysis, we may frequently encounter a multi-collinearity problem if we include related variables as independent variable in order to lessen the error-in-variable problem. To avoid the multi-collinearity and measurement errors, while addressing the cause-effect Intellectual capital and performance relationship between intellectual capital and business performance, we adopt the partial least squares (PLS) method, which is a variance-based structural equation modeling approach used in previous intellectual capital research studies (see Bontis, 1998 Bontis, , 2004 Bontis et al., 2000; Bontis and Fitz-enz, 2002) .
In this study we have three samples for three corresponding models. Each of these samples consists of all listed firms in the IT industry during the period 1997-2001. We delete observations with any missing values. Data have been retrieved from the database of the Taiwan Economic Journal (TEJ), annual report, and prospectus. Although the samples are not too small, we, for the sake of conservative considerations, still use bootstrap re-sampling methods to conduct inference.
In an attempt to maximize stockholders' wealth, management usually tries to increase operating earnings and stock price. Accounting earnings reflect past performance, while the stock price is an index of market expectation of a firm's performance in the future. Both accounting earnings and stock price are included as performance measures. The indicators of each intellectual capital element, as shown in Table I , are adopted from the literature on the measures of intellectual capital or determinants of business performance (Sougiannis, 1994; Kaplan and Norton, 1996; Lev and Sougiannis, 1996; Edvinsson and Malone, 1997; Stewart, 1997; Sveiby, 1997; Bontis, 1998; Financial Management Accounting Committee, 1998; Lee and Witteloostuijn, 1998; Bukh et al., 2001; Deeds, 2001; Mouritsen et al., 2001) .
Empirical results
This section presents the empirical results regarding the direct influence of intellectual elements on performance, the indirect impact of human capital on performance, and the interrelationship of intellectual capital elements as well as their impacts on performance.
Direct influence of intellectual capital elements on performance
In our first hypothesis, we conjecture that each element of intellectual capital directly and positively affects performance. Figure 4 shows the empirical results. All the coefficients, with the exception of human capital, are shown to affect performance significantly ( p-value , 0:01). It supports our H1b, H1c, and H1d. Innovation capital, process capital, and customer capital have significant and positive influences on performance. Creating and accumulating these three elements of intellectual capital contributes to performance. Process capital has the strongest direct impact on performance because Taiwan's IT firms are mostly original equipment manufacturing-(OEM-) or original design manufacturing-(ODM-) oriented businesses and their production efficiency relies on the improvement of the production process. Therefore, production efficiency is the most important factor for the industry. Table II summarizes the loadings of the indicators for each element of intellectual capital and performance for the model in Figure 4 . The significant loadings for innovation capital are R&D intensity, current R&D density, last R&D density, and R&D employee ratio. The results are consistent with those in the relevant literature in that it suggests that the higher the R&D ratio, the better performance will be in the next period. The significant loadings in order of magnitude for process capital are value added per employee, administrative expense per employee, plant assets turnover, productivity per employee, and firm age. One noteworthy thing is the negative loading JIC 6,2 Notes: * Significant at p-value , 0:01; Sample size is 131; t-value in brackets; For notation of variables, I1 denotes current R&D density, I2 last R&D density, I7 R&D employee ratio, I9 R&D intensity, P1 productivity, P2 value added per employee, P3 firm age, P7 administrative expense per employee, P9 plant assets turnover, C2 growth rate, C6 acceptance rate, Per1 ROA, Per2 adjusted ROA, Per3 ROE, Per4 adjusted ROE, Per5 operating income ratio, Per6 stock price, and Per9 market-to-book for firm age that implies that firm age has a negative impact on performance. Sveiby (1997) and Lee and Witteloostuijn (1998) argue that the older a firm is, the more stable and reliable the firm is. Our result shows a different story. We conjecture that dramatic changes in the IT industry favor new comers for their adaptive capability to the changing environment. Figures 4 shows the insignificance of the coefficient of human capital. This does not imply human capital is not important to performance. Instead, human capital and performance may not have a direct relation, but rather an indirect relation. Next, we will conduct further investigation into this issue.
Indirect impact of human capital on performance As discussed above, human capital does not directly influence performance. We therefore conjuncture the two have an indirect relationship. Figures 5 and 6 show how human capital indirectly impacts performance through the other three elements. First, we assume Figure 5 describes the story, but find the path to performance from innovation capital is insignificant. We therefore look into the model in Figure 6 which explains how human capital indirectly affects performance through innovation capital and process capital, and how innovation capital has an indirect impact on performance Figure 6 shows that the coefficient from innovation capital to process capital and the t-value are 0.341 and 2.435, respectively, and the coefficient from process to performance and its t-value are 0.606 and 12.645, respectively. This result explains the insignificance in the coefficient to performance from human capital in Figure 4 . Although process capital is a very important factor affecting performance, it needs support from innovation capital and human capital, and human capital is most fundamental to a firm's overall performance. Figures 5 and 6 support H2a, H2b, H2c, H2e, and H2f. Table III summarizes the loadings of the indicators for each element of intellectual capital and performance for the model in Figure 6 . The significant loadings in order of magnitude for human capital are the number of advanced educational background, number of employees, and average age. The first two indicators have positive loadings, but the last item has negative loading. The negative loading of average age of employees implies that the younger the employees, the higher the possibility that they have creative thinking and learning capabilities to adapt to the rapidly changing IT environment.
The significant loadings in order of magnitude for process capital are value added per employee, administrative expense per employee, plant assets turnover, productivity per employee, firm age, and current capital turnover. All of the loadings are positive, except for firm age. The significant loadings in order of magnitude for innovation capital are current R&D expenses, last R&D expense, and the number of R&D employees. The significant loadings in order of magnitude for customer capital are marketing expenses, advertising expenses, and product acceptance rate. The first two indicators have negative loadings while the last one Interrelationship of intellectual capital elements and their impacts on performance As previously discussed, human capital has a direct impact on the other three elements and an indirect impact on performance. There may also exist an interrelationship between innovation capital, process capital, and customer capital. Therefore, we propose a model that presents the interrelationship between intellectual capital elements and their impacts on performance, as shown in Figure 7 . The significance of the coefficients in the figure supports H3a, H3b, H3c, H3e, and H3f, except H3d. It implies that human capital has a direct impact on innovation capital and process capital, and that innovation capital directly influences process capital, which in turn affects customer capital, while finally the customer capital affects performance.
Although innovation capital has a direct impact on process capital, it does not have an influence on customer capital. Customer satisfaction comes from the perceived quality of products or services, which relies on process capital, but not innovation. Innovation has only an indirect effect on customer capital through process capital. Figure 7 shows human capital is the most important element of intellectual capital, for it has a direct influence on process capital (direct coefficient at 0.538) and an indirect influence on process capital through innovation capital (indirect coefficient at 0:738 * 0:339 ¼ 0:250). As such, the total coefficient of human capital to process capital is 0:788ð¼ 0:538 þ 0:250Þ. In addition, process capital has the most direct influence on performance in all of these models, as shown in Figures 4-6 . If we want to improve process capital, we need to improve innovation capital and human capital. If we want to improve innovation capital, we need to improve human capital, too. Therefore, human capital is the most important element of intellectual capital for an enterprise.
For each element of intellectual capital and performance for the model in Figure 7 , Table IV summarizes the loadings of the indicators. One thing worth noting is that the significant indicators in Table IV are very similar to those in Table III , although the models are different. This may show evidence that the variables adopted in the models are robust. 
Intellectual capital and performance

Conclusion
With a sample of listed firms in the IT industry in Taiwan, this study investigates the cause-effect relationship between elements of intellectual capital and business performance. We try to find out, step by step, the interrelationship among four elements of intellectual capital and how they influence performance. The results show that, with the exception of human capital, innovation capital, process capital, and customer capital all have a direct effect on performance. Although human capital does not have a direct impact on performance, it has a direct impact on the other capital elements, which in turn affect performance. There also exists an interrelationship between intellectual capital elements. Human capital directly affects innovation capital and process capital. Innovation capital and process capital further influence performance. Process capital has something to do with innovation capital in that innovation capital directly influences process capital. In sum, human capital is the primary leading factor in which management should put the most effort. This study, showing how intellectual capital elements affect business performance in Taiwan's IT industry, provides some implications for management in the IT industry.
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